ABSTRACT: Background. Although existing literature provides surgical recommendations for treating occult disease (cN0) in early-stage oral cavity squamous cell carcinoma (SCC), a focus on late-stage oral cavity SCC is less pervasive. Methods. The medical records of 162 patients with late-stage oral cavity SCC pN0 who underwent primary neck dissections were reviewed. Lymph node yield as a prognosticator was examined. Results. Despite being staged pN0, patients that had a higher lymph node yield had an improved regional/distant control rates, disease-free survival (DFS), disease-specific survival (DSS), and overall survival (OS). Lymph node yield consistently outperformed all other standard variables as being the single best prognostic factor with a tight risk ratio range (RR 5 0.95-0.98) even when correcting for the number of lymph nodes examined. Conclusion. The results of this study showed that lower regional recurrence rates and improved survival outcomes were seen as lymph node yield increased for advanced T classification oral cavity SCC pN0. This suggests that increasing lymph node yield with an extended cervical lymphadenectomy may result in lower recurrence rates and improved survival outcomes for this advanced stage group.
INTRODUCTION
The extent of lymphadenectomy has been an independent prognostic factor in several cancers, with an association between higher nodal yields and improved survival. [1] [2] [3] [4] [5] [6] [7] In the head and neck, the radical neck dissection, as described by Crile 8, 9 in 1906, was the first procedure used to address nodal metastases in patients with head and neck squamous cell carcinoma (HNSCC). The procedure is a comprehensive removal of the nodal basins in the lateral neck, but carries significant morbidity because of resection of the spinal accessory nerve, the jugular vein, and the sternocleidomastoid muscle. For many years, this aggressive nodal resection was performed even when patients lacked clinical or radiographic evidence of positive cervical disease and was thought to have at least a 20% chance in upstaging disease because of the detection of occult metastases. 10 Modifications in the technique, as described by Bocca et al, 11 led to the modified radical neck dissection, which removes the nodal basins but preserves the aforementioned critical structures. Further work by other authors [12] [13] [14] [15] helped delineate the patterns of lymphatic drainage based on the primary subsite within the aerodigestive tract, which led to the selective removal of at risk nodal basins specific for each subsite within the head and neck. The improvement in techniques and a better understanding of lymphatic pathways resulted in a paradigm shift in the latter part of the 20th century in which a selective neck dissection became routine surgical management for clinically node negative (cN0) neck as a way to address occult metastasis. [16] [17] [18] Surgical staging of a clinically and radiographically negative neck is important from both a prognostic and therapeutic standpoint. 19 The rationale of a selective neck dissection is 2-fold: (1) removing occult disease in the predicted high-risk nodal basin, and (2) histopathologic staging of the cervical lymph nodes. The accuracy of surgical staging in the neck is dependent on the true-positive rate for detecting occult disease by the pathologist and the lymph node yield at the time of surgery. Consequently, staging of the neck is dependent on the sensitivity of detecting occult disease and lymph node yield. Because of the current limits in detecting micrometastatic disease through conventional pathologic analysis, the true-positive rate or alternatively the false-negative rate (8% to 11%) will remain relatively constant until better detection methods are available. [20] [21] [22] This is in stark contrast to pathologic examination of a sentinel node biopsy in melanoma of the head and neck in which the false-negative rate is <1%.
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The nodal yield, however, is not constant and is dependent on the surgical technique and the extent of the cervical lymphadenectomy that is performed.
The impact of lymph node ratio on patients with HNSCC undergoing neck dissections has recently been investigated. 24, 25 This idea of lymph node ratio was highlighted in a study from Memorial Sloan-Kettering Cancer Center in which they utilized lymph node density as a way to predict outcomes in patients with oral cavity squamous cell carcinoma (SCC). 26 Lymph node density was defined as the number of positive lymph nodes divided by the total number of excised lymph nodes. In this system, lymph node density attempts to convey the extent of the neck dissection, surgical technique, and the level of histopathologic scrutiny by underscoring 2 extremely significant parameters in any lymphadenectomy: the extent of cancer spread (number of positive lymph nodes), and the extent of the surgical lymph node yield (total number of lymph nodes removed during surgery). The authors demonstrated that lymph node density was a significant predictor of outcomes in patients with oral cavity SCC with positive cervical disease, and that lymph node yield was not a significant contributor to outcomes. Presumably, the insignificance of lymph node yield as a predictor of outcomes may be a result of a selection bias, as patients with and without cervical neck metastases were analyzed together, thus confounding the question of lymph node yield and its significance in outcomes.
In contemplating the results of lymph node density as a significant predictor of outcomes and the failure of lymph node yield as prognostic, we considered the highest risk patients with oral cavity SCC, T3/4, that are staged pathologically N0 in which the risk of occult disease can be as high as 56%. Consequently, we asked if the extent of the neck dissection, or alternatively lymph node yield, be a significant predictor of outcomes, despite being staged pN0. Based on the results from other types of carcinomas, it is our hypothesis that an increased lymph node yield should confer improved outcome, despite a pathologic false-negative rate of approximately 8% to 11%. Perhaps the only amenable factor that may improve outcomes is the extent of the neck dissection, a surgeon-dependent variable, which could be considered a surrogate marker for surgical quality. The primary purpose of our study was to determine whether patients with advanced-stage oral cavity SCC (T3/4) with pathologically negative cervical metastases (pN0) have improved outcomes when an increased lymph node yield was achieved. We did not, however, try to define a minimal threshold of lymph nodes that must be removed as most studies have, but rather attempted to ascertain the significance of each lymph node harvested at the time of surgery.
MATERIALS AND METHODS

Study population
The University of Pittsburgh Medical Center, Case Western University Hospitals, and Loyola University Medical Center all maintain a prospective clinicopathologic database. After obtaining ethics approval by the institutional review board at each institution, we performed a multi-institutional, retrospective study of patients with T3/T4 pN0 oral cavity SCC undergoing surgical resection of the primary tumor with curative intent between 1979 and 2009, with or without adjuvant therapy for presumed adverse histologic features. The exclusion criteria included inadequate follow-up information, perioperative mortality, and patients that had bilateral neck dissections with >4 lymph node difference removed from each side. If a patient underwent a bilateral neck dissection with 4 lymph node differences, the average number of lymph nodes was utilized in the analysis. The final study population consisted of 162 patients. Histopathological analysis of all samples were performed by pathologists in sectioned intervals, embedded in paraffin, and stained with hematoxylin-eosin.
Statistical analysis
The primary outcomes measured were regional control rates without primary local recurrence, distant metastatic control, disease-free survival (DFS), disease-specific survival (DSS), and overall survival (OS). Local control rates at the primary sites were not analyzed, as this study's purpose was to examine the effects of lymph node yield on regional and distant failures. Independent variables used in the analysis included age, sex, T classification, type of neck dissection, lymph node yield, positive margins, histopathologic grade, radiotherapy, and chemotherapy. Each independent variable was assessed by univariate Cox proportional hazard analysis. Whether the variables demonstrated prognostic potential as suggested by the initial univariate analysis or not, all were included in a multivariable analysis utilizing a backward stepwise proportional hazard regression model. In each analysis, the least significant variable was eliminated until only variables with p < .1 were left. In order to ensure accuracy, if a variable was significant, we repeated this analysis while simultaneously correcting for the number of lymph nodes examined. A value of p < .05 and p < .1 was considered to indicate statistical significance for a univariate and multivariable stepwise regression, respectively. Analysis was performed using JMP software (v10.0.2) from the SAS Institute.
RESULTS
A total of 162 patients met the inclusion criteria. The distribution of patients' characteristics is shown in Table  1 . The majority of patients were white men (75% and 70%, respectively) diagnosed with T4pN0 (71%) SCC with an average age at diagnosis of 62 years (range, 18-90 years). The distribution of surgical and histological characteristics, as well as adjuvant treatment used is shown in Table 2 . The majority of patients with T3/4 pN0 identified in our database underwent a selective neck dissection (69%) followed by a modified radical dissection (19%) and finally radical dissection (12%). Histopathologic examination of the primary tumor demonstrated that the majority of tumors were moderately differentiated SCC (58%), and positive margins were only observed in a minority of patients (10%). Few patients in this cohort underwent postsurgical adjuvant chemotherapy (21%) and less than half had postoperative radiotherapy (42%). The mean and median lymph node yield for the entire cohort were 29 6 14 (6 SD) and 27.5, respectively, with a range of 6 to 64 nodes. As expected, the radical and modified radical neck dissection groups had the largest number of lymph node yield per side per procedure because of the more extensive resection.
Kaplan-Meier estimates of the entire cohort for 2.5-year and 5-year regional control rates were 80% and 67%, and distant control estimates were 79% and 71%, respectively. Kaplan-Meier estimates for 2.5-year and 5-year DFS, DSS, and OS were as follows: DFS, 79% and 70%; DSS, 76% and 67%; and OS, 64% and 42% ( Figure  1A-1E ).
Patients were further analyzed on the basis of a number of standard parameters that included age, sex, race, dissection type, T classification, histological grade, adjuvant therapy (irradiation and chemotherapy), and positive margins as well as the nonstandard parameter, lymph node yield. A univariate analysis showed lymph node yield to be the only significant prognostic predictor for regional recurrence, DFS, and OS. The regional recurrence RR per node examined was 0.95; 95% confidence interval Table 3 .
We next investigated whether a multivariable analysis would validate our univariate significant predictors. With this in mind, we first created a multivariable model that included all of the variables. We then conducted a backward stepwise proportional hazard (Cox) regression analysis. In addition, if a variable was significant, we repeated this analysis while simultaneously correcting for the number of lymph nodes examined to ensure accuracy. Utiliz- 
DISCUSSION
Most recently, the head and neck literature has investigated lymph node ratio as a predictor of survival. An editorial by Spillane et al 35 in regard to the concept of lymph node ratio in melanoma states that lymph node ratio is not a new concept, and an international Nodal Ratio Working Group has existed for several years. An association between lower lymph node ratio and improved survival has been shown for cancers of the colon, lung, stomach, bladder, pancreas, and now oral cavity SCC. As involved at the start of a complete lymph node dissection. Therefore, doing less than an accepted minimum extent complete lymph node dissection is illogical.
Complete lymph node dissections are standard operations and their extent should be dictated by anatomic boundaries. They should be performed using standard techniques that are well-described in the literature and hopefully taught to all surgeons who undertake them." 36 With this understanding, our goal was to answer the question, is the extent of a neck lymphadenectomy more important (denominator in lymph node ratio), as undetectable micrometastatic disease may be removed in high-risk T3/4 pN0 oral cavity SCC? It seems, based on our data, that the answer to this question is "yes." Univariate analysis consistently demonstrated that lymph node yield was prognostic for all outcomes measured. When a multivariate backward stepwise proportional hazard (Cox) regression analysis was performed, lymph node yield consistently outperformed all other standard variables as being the single best prognostic factor with a tight risk ratio range (RR 5 0.95-0.98). The math assumes that the hazard (rate of recurrence) is directly related to the number of nodes. Under this assumption, the effect on the odds is multiplicative. Initially, it may seem that this risk ratio is clinically insignificant; however, this is for each node removed. Theoretically, if the odds of recurrence for patient A with 10 nodes removed is 1 to 3 (25% probability), then for each additional node the odds will become (1/3) * 0.97 n where n is the number of nodes. Consequently, if patient B had 20 lymph nodes removed, the odds for 10 additional nodes would become (1/3)*(0.97)Ù10; that is 0.97 to the tenth power which is equal to 0.737. As a result, this reduces the odds of recurrence to 0.737 to 3, a 19.7% probability. The key point is that a range or threshold does not exist because our data demonstrate that the hazard is proportional to the number of lymph nodes removed. Of course, the surgeon is limited by the anatomy, which supports Spillane's claim that doing less than the required surgery is "illogical."
Others have used methods, such as median number of lymph nodes, lymph node quartiles, and ranges of lymph Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; OS, overall survival; RR, risk ratio; CI, confidence interval; SND, selective neck dissection; MRND, modified radical neck dissection. Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; OS, overall survival; RR, risk ratio; CI, confidence interval; SND, selective neck dissection; MRND, modified radical neck dissection.
nodes harvested, as their method for stratifying patients into low, medium, and high risk (see references herein).
We have chosen not to use this method in our analysis as this arbitrarily stratifies patients into cohorts and would be difficult to set a minimum level that is acceptable. In our analysis, utilizing the backward stepping regression model, we have shown that each lymph node harvested has a significant contribution to the overall improvement in all outcomes measured, including distant metastasis, independent of the number of lymph nodes examined. Indirect evidence supporting the claim that lymph node yield confers an improvement in survival can be derived from our neck dissection type analysis. The majority of neck dissections was selective neck dissection and modified radical neck dissection. When a selective neck dissection was the procedure of choice, this carried a RR of 2.63 when compared to a modified radical neck dissection for distant control. In addition, the number of pN0 necks observed in a radical, modified radical, and selective neck dissection decreased as the detection of positive nodes can be assumed to be directly proportional to the decreasing lymph node yield achieved in each dissection type. However, we are not suggesting that a radical neck dissection be the procedure of choice for this cohort of patients, but rather a more comprehensive extended neck dissection may be warranted in advanced T classification oral cavity SCC (T3/4) and perhaps even early cN1 disease.
In our data, a subset of patients demonstrated regional control with distant failure (n 5 11). In the 1906 series of 132 patients by Crile, 8, 9 36 patients received a radical en bloc neck dissection, and 96 were more selective; comparable to the procedure called "supra-omohyoid neck dissection" in current terminology. At 3-year followup, the patients who underwent radical en bloc dissections had better OS. Thus, the radical block dissection had shown itself to be 4 times more effective than the less radical surgical procedures. 9 Our investigation supports this claim.
With respect to adjuvant therapy, conventional wisdom leads one to believe that postoperative adjuvant radiation therapy would confer improvement in outcomes. To our surprise, adjuvant radiation did not demonstrate an improvement in any outcome. Thus, it is conceivable to believe that in late T classification oral cavity SCC cN0, the initial surgical removal of the maximum number of lymph nodes confers the best survival advantage by removing occult disease that may have been missed on histopathologic analysis. Iype et al 37 in their study, also observed that in oral cavity TxpN0, patients who received radiation therapy did not have improved outcomes compared to those that did not.
There are several limitations to this retrospective study. The subsites of the primary lesion in the oral cavity were not analyzed, which is known to have an impact on regional recurrence. 38 The reason for this is 2-fold: (1) this would have reduced the power of the study, and (2) because of the advanced nature of the primary lesions, we could not be confident that the origin within the oral cavity was accurate as these lesions are presumably large and invade adjacent subsites. Another limitation that this study had was that the levels of regional recurrences could not be identified in all patients. This makes it difficult to clearly define what the extent of the neck dissection should be (anatomically). Even though we were unable to elucidate the level of the failure in these cases, the site of regional recurrence always occurred on a surgically treated side. With this understanding, we feel that the assumption has to be the one that gives the patient the better chance of regional control, which would be to perform a meticulous function preserving neck dissection to maximize lymph node yield in advanced T classification disease.
CONCLUSION
Variations in lymph node count for neck dissections are related to the thoroughness of pathological assessment, biological variations between patients, and the extent of surgery. The results of this study showed that lower regional recurrence rates and improved survival outcomes were seen as lymph node yields increased for advanced T classification in oral cavity SCC pN0. This suggests that increasing lymph node yield with an extended cervical lymphadenectomy may result in lower recurrence rates and improved survival outcomes for this advanced stage group. It also suggests that external beam radiation may not be as effective as a thorough lymphadenectomy in controlling occult metastatic disease. Since the time Crile 8, 9 introduced the "radical" neck dissection, a slow paradigm shift has occurred in the head and neck community in which "less is better" to limit patient morbidity. This may be adequate for early T classification oral cavity SCC, but this investigation supports the claim that for advanced T classification oral cavity SCC pN0, a more thorough neck dissection with a higher lymph node yield may impart better outcomes and perhaps "more surgery is de rigueur."
